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1Later, when we formulate the schedule problem for winner-determination




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































cache and the prices on the rejected bids from each agent are no greater than
on the accepted bids.
3We also increase the price based on bids submitted by a train agent that
is in the provisional allocation but receives the same pair of times from the
last round of the auction and is trying to shift away from that allocation. We
allow a train agent to indicate when it is merely repeating a bid because it
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4The ﬂexibility of mixed-integer program formulations of winner-











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5We have ﬁnessed detail about the time to travel across yards between











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6The problem sets are available at
http://www.cis.upenn.edu/
~dparkes/train.html.
7CPLEX also ran out of memory (at 200 MB) in a few problem instances,
stopping before 3600 secs but without an optimal solution.q
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a
i
r
p
o
r
t
t
a
k
e
-
o
￿
a
n
d
l
a
n
d
i
n
g
s
l
o
t
a
l
l
o
c
a
t
i
o
n
p
r
o
b
l
e
m
s
[
1
1
]
.
R
e
t
u
r
n
i
n
g
t
o
c
e
n
t
r
a
l
i
z
e
d
a
p
p
r
o
a
c
h
e
s
t
o
t
r
a
i
n
s
c
h
e
d
u
l
i
n
g
,
K
r
e
u
g
e
r
e
t
a
l
.
[
8
]
h
a
v
e
p
r
o
p
o
s
e
d
a
c
o
n
s
t
r
a
i
n
t
-
b
a
s
e
d
m
e
t
h
o
d
w
h
i
c
h
a
p
p
e
a
r
t
o
h
a
v
e
b
e
t
t
e
r
s
c
a
l
i
n
g
p
r
o
p
e
r
t
i
e
s
t
h
a
n
s
t
r
a
i
g
h
t
a
p
p
l
i
c
a
t
i
o
n
s
o
f
M
I
P
m
e
t
h
o
d
s
,
b
u
t
i
s
p
e
r
h
a
p
s
l
e
s
s
s
u
i
t
e
d
t
o
m
a
k
i
n
g
t
r
a
d
e
o
￿
s
a
c
r
o
s
s
s
c
h
e
d
u
l
e
s
w
i
t
h
d
i
￿
e
r
e
n
t
q
u
a
l
i
t
i
e
s
.
W
e
l
l
m
a
n
e
t
a
l
.
[
1
2
]
p
r
o
p
o
s
e
a
n
a
u
c
t
i
o
n
-
b
a
s
e
d
m
e
t
h
o
d
f
o
r
a
f
a
c
t
o
r
y
-
s
c
h
e
d
u
l
i
n
g
p
r
o
b
l
e
m
,
i
n
w
h
i
c
h
a
g
e
n
t
s
c
o
m
p
e
t
e
f
o
r
p
e
r
i
o
d
s
o
f
t
i
m
e
o
n
(
o
n
e
o
r
m
o
r
e
)
s
h
a
r
e
d
m
a
c
h
i
n
e
s
.
A
s
i
n
t
r
a
i
n
s
c
h
e
d
u
l
i
n
g
,
a
g
e
n
t
s
o
f
t
e
n
r
e
q
u
i
r
e
a
c
o
m
b
i
n
a
t
i
o
n
o
f
t
i
m
e
p
e
r
i
o
d
s
,
a
n
d
p
e
r
h
a
p
s
a
c
r
o
s
s
m
u
l
t
i
p
l
e
m
a
c
h
i
n
e
s
.
T
h
e
t
r
a
i
n
s
c
h
e
d
u
l
i
n
g
p
r
o
b
l
e
m
i
s
d
i
￿
e
r
e
n
t
i
n
n
a
t
u
r
e
b
e
c
a
u
s
e
i
t
i
s
n
o
t
p
o
s
s
i
b
l
e
t
o
d
e
￿
n
e
u
p
-
f
r
o
n
t
a
s
t
a
t
i
c
s
e
t
o
f
m
u
t
u
a
l
l
y
-
c
o
m
p
a
t
i
b
l
e
t
i
m
e
s
,
a
n
y
o
f
w
h
i
c
h
c
a
n
b
e
s
a
f
e
l
y
a
l
l
o
c
a
t
e
d
t
o
a
n
y
a
g
e
n
t
.
I
n
s
t
e
a
d
,
a
f
e
a
s
i
b
l
e
a
l
l
o
c
a
t
i
o
n
o
f
t
i
m
e
s
t
o
a
g
e
n
t
s
m
u
s
t
b
e
c
h
e
c
k
e
d
f
o
r
a
s
a
f
e
u
n
d
e
r
l
y
i
n
g
m
e
e
t
/
p
a
s
s
s
c
h
e
d
u
l
e
.
O
u
r
a
p
p
r
o
a
c
h
i
s
a
l
s
o
r
a
t
h
e
r
d
i
￿
e
r
e
n
t
t
o
t
h
a
t
a
d
o
p
t
e
d
b
y
W
e
l
l
m
a
n
e
t
a
l
.
,
s
i
n
c
e
w
e
a
v
o
i
d
i
m
p
o
s
i
n
g
a
d
i
s
c
r
e
t
i
z
a
t
i
o
n
o
f
t
i
m
e
i
n
t
o
￿
n
i
t
e
s
l
o
t
s
,
b
u
t
a
l
l
o
w
a
g
e
n
t
s
t
o
u
s
e
a
s
i
m
p
l
e
a
n
d
e
x
p
r
e
s
s
i
v
e
c
o
n
s
t
r
a
i
n
t
-
b
a
s
e
d
b
i
d
d
i
n
g
l
a
n
g
u
a
g
e
.
8
A
s
i
m
i
l
a
r
e
x
p
o
s
u
r
e
p
r
o
b
l
e
m
i
s
n
o
t
e
d
i
n
t
h
e
F
C
C
s
p
e
c
t
r
u
m
a
u
c
t
i
o
n
p
r
o
b
l
e
m
,
i
n
w
h
i
c
h
a
g
e
n
t
s
n
e
e
d
s
e
t
s
o
f
c
o
m
p
a
t
i
b
l
e
l
i
c
e
n
s
e
s
,
a
n
d
b
i
d
a
c
r
o
s
s
s
i
m
u
l
t
a
n
e
o
u
s
a
u
c
t
i
o
n
s
[
4
]
.
7. CONCLUSIONS
W
e
h
a
v
e
i
n
t
r
o
d
u
c
e
d
a
n
o
v
e
l
a
u
c
t
i
o
n
m
e
c
h
a
n
i
s
m
f
o
r
a
d
i
s
-
t
r
i
b
u
t
e
d
t
r
a
i
n
s
c
h
e
d
u
l
i
n
g
p
r
o
b
l
e
m
,
w
h
i
c
h
i
s
a
b
e
t
t
e
r
m
a
t
c
h
t
o
t
h
e
n
a
t
u
r
a
l
i
n
f
o
r
m
a
t
i
o
n
a
n
d
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
o
f
m
o
d
e
r
n
r
a
i
l
r
o
a
d
s
t
h
a
n
t
r
a
d
i
t
i
o
n
a
l
c
e
n
t
r
a
l
i
z
e
d
s
c
h
e
d
u
l
i
n
g
s
o
l
u
t
i
o
n
s
.
T
h
e
a
u
c
t
i
o
n
e
e
r
’
s
w
i
n
n
e
r
-
d
e
t
e
r
m
i
n
a
t
i
o
n
p
r
o
b
l
e
m
i
s
f
o
r
m
u
-
l
a
t
e
d
a
s
a
m
i
x
e
d
-
i
n
t
e
g
e
r
p
r
o
g
r
a
m
a
n
d
s
o
l
v
e
d
w
i
t
h
a
n
o
￿
-
t
h
e
-
s
h
e
l
f
o
p
t
i
m
i
z
a
t
i
o
n
p
r
o
b
l
e
m
,
w
h
i
l
e
a
g
e
n
t
s
’
b
e
s
t
-
r
e
s
p
o
n
s
e
b
i
d
d
i
n
g
s
t
r
a
t
e
g
i
e
s
a
r
e
s
o
l
v
e
d
w
i
t
h
a
d
y
n
a
m
i
c
-
p
r
o
g
r
a
m
m
i
n
g
a
l
g
o
r
i
t
h
m
.
S
i
m
u
l
a
t
i
o
n
s
o
n
a
s
i
m
p
l
e
n
e
t
w
o
r
k
s
h
o
w
t
h
a
t
t
h
e
a
u
c
t
i
o
n
-
b
a
s
e
d
s
o
l
u
t
i
o
n
c
a
n
i
n
d
e
e
d
g
e
n
e
r
a
t
e
g
o
o
d
g
l
o
b
a
l
s
c
h
e
d
-
u
l
e
s
,
a
n
d
p
r
e
l
i
m
i
n
a
r
y
e
m
p
i
r
i
c
a
l
a
n
a
l
y
s
i
s
s
u
g
g
e
s
t
s
f
a
v
o
r
a
b
l
e
c
o
m
p
u
t
a
t
i
o
n
a
l
s
c
a
l
i
n
g
p
r
o
p
e
r
t
i
e
s
i
n
c
o
m
p
a
r
i
s
o
n
w
i
t
h
a
c
e
n
-
t
r
a
l
i
z
e
d
s
o
l
u
t
i
o
n
.
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